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TEMPERATURE CONTROL AT POWER
AMPLIFIER WITH TRANSCEIVER
SWITCHING

BACKGROUND

High signal path loss between a base station (BS) and a
wireless communication device causes the wireless commu-
nication device to transmit at a high power level. High power
transmission levels results 1n a temperature rise at the power
amplifier of the wireless communication device. At high
power, the power amplifier 1s less efficient. Also, the
increased temperature can atiect the performance of the wire-
less communication device, for example, power amplifier
linearity may be degraded causing signal distortion. Further,
the user may experience an uncomiortable increase 1n tem-
perature of the wireless communication device.

Conventionally, the rise 1n temperature of the wireless
communication device resulting from high power transmis-
sion levels 1s mitigated by reducing the maximum transmait
power limit (MTPL). However, reducing the MTPL can affect
the link quality and increase the call drop rates.

SUMMARY

Apparatuses and methods for controlling power amplifier
temperature by switching transcetver chains 1in a Dual-SIM,
Dual-Active (DSDA) wireless communication device are
provided.

According to various embodiments of the disclosure there
1s provided a wireless communication device. The wireless
communication device may include: a first communications
unit configured to communicate with a first communication
network; a second communications unit configured to com-
municate with a second communication network; a control
unit configured to control operation of the wireless commu-
nication device; and one or more temperature sensors config-
ured to sense operating temperatures of the first communica-
tions unit and the second communications unit and provide
temperature signals to the control unait.

In response to a determination that an operating tempera-
ture of the first communications unit conducting a first call in
process exceeds a predetermined threshold temperature and
an operating temperature of the second communications unit
does not exceed the predetermined threshold temperature, the
control unit 1s configured to cause the first call 1n process on
the first communications unit to be switched from a first
transcerver chain in the first communications unit to a second
transceiver chain in the second communications unit.

According to various embodiments there 1s provided a
method for mitigating temperature rise 1n a wireless commu-
nication device. The method may include: detecting an oper-
ating temperature of a first communications unit conducting a
first call 1n process; comparing the operating temperature of
the first communications unit to a predetermined temperature
threshold; and determining whether the operating tempera-
ture of the first communications unit exceeds the predeter-
mined temperature threshold; 1n response to a determination
that the operating temperature of the first communications
unit exceeds the predetermined temperature threshold,
detecting an operating temperature of a second communica-
tions unit; comparing the operating temperature of the second
communications unit to the predetermined temperature
threshold; and 1n response to a determination that the operat-
ing temperature of the second communications unit does not
exceed the predetermined temperature threshold, switching
the first call in process on the first communications unit from
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2

a first transceiver chain i1n the first communications unit to a
second transceiver chain in a second communications unit.

According to various embodiments there 1s provided a
non-transitory computer readable medium having stored
therein a program for making a processor execute a method
for mitigating temperature rise in a wireless communication
device. The program may include processor executable
instructions for: detecting an operating temperature of a first
communications unit conducting a first call 1n process; com-
paring the operating temperature of the first communications
unit to a predetermined temperature threshold; and determin-
ing whether the operating temperature of the first communi-
cations unit exceeds the predetermined temperature thresh-
old; 1 response to a determination that the operating
temperature ol the first communications unit exceeds the
predetermined temperature threshold, detecting an operating
temperature of a second communications unit; comparing the
operating temperature of the second communications unit to
the predetermined temperature threshold; and 1n response to
a determination that the operating temperature of the second
communications unit does not exceed the predetermined tem-
perature threshold, switching the first call in process on the
first communications unit from a first transceiver chain in the
first communications unit to a second transcerver chain 1n a
second communications unit.

According to various embodiments there 1s provided a
wireless communication device. The wireless communica-
tion device may include: means for detecting an operating
temperature of a first communications unit conducting a first
call in process; means for comparing the operating tempera-
ture of the first communications unit to a predetermined
threshold temperature; means for determining whether the
operating temperature of the {first communications unit
exceeds the predetermined threshold temperature; means for
detecting an operating temperature of a second communica-
tions unit 1n response to a determination that the operating
temperature of the first communications unit exceeds the
predetermined threshold temperature; means for comparing
the operating temperature of the second communications unit
to the predetermined threshold temperature; and means for
switching the first call 1n process on the first communications
unit from a first transceiver chain in the first communications
unit to a second transceiver chain in the second communica-
tions unit in response to a determination that the operating
temperature ol the second communications unit does not
exceed the predetermined threshold temperature.

Other features and advantages of the present mventive
concept should be apparent from the following description
which illustrates by way of example aspects of the present
inventive concept.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects and features of the present inventive concept will
be more apparent by describing example embodiments with
reference to the accompanying drawings, 1n which:

FIG. 1 1s a block diagram 1llustrating a DSDA wireless
communication device according to various embodiments of
the disclosure;

FIG. 2A 1s a block diagram 1llustrating a first communica-
tions unit and a second communications unit for a DSDA
wireless communication device according to various embodi-
ments of the disclosure;

FIG. 2B 1s a block diagram 1illustrating a first communica-
tions unit and a second communications unit 1n a switched
configuration for a DSDA wireless communication device
according to various embodiments of the disclosure;
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FIG. 3 1s a block diagram illustrating a first communica-
tions unit, a second communications unit, and a switch unit

for a DSDA wireless communication device according to
various embodiments of the disclosure; and

FI1G. 4 1s amethod of controlling power amplifier operating,
temperature by switching transceiver chains in a DSDA wire-
less communication device according to various embodi-
ments of the disclosure.

DETAILED DESCRIPTION

While certain embodiments are described, these embodi-
ments are presented by way of example only, and are not
intended to limit the scope of protection. The apparatuses,
methods, and systems described herein may be embodied in a
variety of other forms. Furthermore, various omissions, sub-
stitutions, and changes 1n the form of the example methods
and systems described herein may be made without departing
from the scope of protection.

Various embodiments of the present inventive concept pro-
vide software-based methods to mitigate temperature rise at
the power amplifier of a wireless communication device
using an available second transcerver chain and temperature
sensors 1 a DSDA wireless communication device.

When power amplifier operating temperature exceeds a
predetermined threshold temperature during a call on one
subscription, the call may be switched from a transceiver
chain in use to the other transceiver chain. If calls on both
subscriptions are active, the transceirver chain switching
occurs 1f a transceiver chain processing a call on one subscrip-
tion transmits at lower power and/or lower temperature than
the transceiver chain processing a call on the other subscrip-
tion.

Transceiver chain switching 1s accomplished 1n the digital
domain, 1.e., the digital signals to and from the modems are
rerouted. Unlike an antenna radio frequency (RF) switch,
switching the digital signals according to the various embodi-
ments of the disclosure minimizes power loss.

FIG. 1 1s a block diagram illustrating a DSDA wireless
communication device 100 (also referred to herein as a wire-
less communication device) according to various embodi-
ments of the disclosure. As 1llustrated in FIG. 1, the wireless
communication device 100 may include a control unit 110, a
first communications unit 120, a second communications unit
125, a first antenna 130, a second antenna 135, a first sub-
scriber identity module (SIM) 140, a second SIM 150, a user
interface device 170, a storage 180, and one or more tempera-
ture sensors 185.

The wireless communication device 100 may be, for
example but not limited to, a mobile telephone, smartphone,
tablet, computer, etc., capable of communicating with one or
more wireless networks. One of ordinary skill 1n the art wall
appreciate that the wireless communication device 100 may
include one or more communications units and may transmuit
and recelve via one or more antennas without departing from
the scope of the present inventive concept.

A SIM (e.g., 140, 150) 1n various embodiments may be a
Universal Integrated Circuit Card (UICC) that 1s configured
with SIM and/or USIM applications, enabling access to GSM
and/or UMTS networks. The UICC may also provide storage
for a phone book and other applications. Alternatively, 1n a
CDMA network, a SIM may be a UICC removable user
identity module (R-UIM) or a CDMA subscriber identity
module (CSIM) on a card. A SIM card may have a CPU,
ROM, RAM, EEPROM and I/O circuits. An Integrated Cir-
cuit Card Identity (ICCID) SIM serial number may be printed
on the SIM card for identification. However, a SIM may be

10

15

20

25

30

35

40

45

50

55

60

65

4

implemented within a portion of memory of the multi-SIM,
Multi-Active (MSMA ) communication device, and thus need
not be a separate or removable circuit, chip, or card.

A SIM used 1n various embodiments may store user
account information, an International Mobile Subscriber
Identity (IMSI), a set of SIM application toolkit (SAT) com-
mands and other network provisioning information, as well as
provide storage space for phone book database of the user’s
contacts. As part of the network provisioning information, a
SIM may store home 1dentifiers (e.g., a System Identification
Number (SID)/Network Identification Number (NID) pair, a
Home Public Land Mobile Network (HPLMN) code, etc.) to
indicate the SIM card network operator provider.

The first SIM 140 may associate the first communications
umt 120 with a first subscription (Sub1) 192 on a first com-
munication network 190 and the second SIM 150 may asso-
ciate the second communications unit 125 with a second
subscription (Sub2) 197 on a second communication network
195. In active mode, a communications unit recerves and
transmits signals. In 1dle mode, a communications unit may
receive signals but does not transmuit signals.

For convemence, throughout this disclosure Subl 192 1s
associated with the first commumnications unit 120 and Sub 2
197 1s associated with the second communications unit 125.
One of ordinary skill 1n the art will appreciate that either
subscription may be associated with either communications
unmt without departing from the scope of the present inventive
concept.

The first communication network 190 and the second com-
munication network 195 may be operated by the same or
different service providers, and/or may support the same or

different communication technologies, for example, but not
limited to, Wideband Code Division Multiple Access
(WCDMA) and Global System for Mobile communications
(GSM).

The user interface device 170 may include an input device
172, for example, but not limited to a keyboard, touch panel,
or other human interface device, and a display device 174, for
example, but not limited to, a liquid crystal display (LCD) or
other video display. One of ordinary skill in the art will
appreciate that other input and/or display devices may be used
without departing from the scope of the present inventive
concept.

The control unit 110 may control overall operation of the
wireless communication device 100 including control of the
first communications unit 120, the second communications
unit 125, the user interface device 170, and the storage 180.
The control unit 110 may be a programmable device, for
example, but not limited to, a microprocessor or microcon-
troller.

The storage 180 may store application programs necessary
for operation of the wireless communication device 100 that
are executed by the control umt 110, as well as application
data and user data.

The one or more temperature sensors 185 may be posi-
tioned within an enclosure of the wireless communication
device 100 to sense temperature of the enclosure and/or oper-
ating temperature of the electronic circuitry of the wireless
communication device 100. The one or more temperature
sensors 185 may provide temperature signals corresponding
to the sensed temperatures to the control umit 110. While only
one temperature sensor 185 1s illustrated, one of ordinary skill
in the art will appreciate that more than one temperature
sensor may be used.

FIG. 2A 1s a block diagram 1llustrating the first communi-
cations unit 120 and the second communications unit 125 for

a DSDA wireless communication device (e.g., the wireless
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communication device 100 of FIG. 1) according to various
embodiments of the disclosure. With reference to FIGS. 1 and
2A, the first communications unit 120 may include a first
modem 210, and a first transcerver chain 213 including a first
transceiver 200, a first analog-to-digital converter (ADC)
214, a first digital-to-analog converter (DAC) 212, a first
power amplifier 204, and a first bandpass filter 205.

The first transceiver 200 may 1nclude a first receiving unit
201 configured to receive RF signals on the first antenna 130,
and a first transmitting unit 202 configured to transmit RF
signals on the first antenna 130. The first ADC 214 may be
configured to convert an analog signal recerved from the first
receiving unit 201 into a digital signal for processing by the
first modem 210. The first DAC 212 may be configured to
convert a digital signal recerved from the first modem 210 into
an analog signal for transmission by the first transmitting unit
202.

The first power amplifier 204 may be configured to receive
and amplily the analog signal from the first transmitting unit
202. The first bandpass filter 205 may be configured to recerve
and filter the amplified analog signal in the required fre-
quency range for transmission.

The first modem 210 may be capable of processing signals
from various radio access technologies, for example, but not
limited to, WCDMA and/or GSM.

The second communications unit 125 may include a sec-
ond modem 240, and a second transceiver chain 245 includ-
ing a second transceiver 250, a second analog-to-digital con-
verter (ADC) 244, a second digital-to-analog converter
(DAC) 242, a second power amplifier 254, and a second
bandpass filter 255.

The second transceiver 250 may include a second recerving
unit 251 configured to receive RF signals on the second
antenna 135, and a second transmitting unit 252 configured to
transmit RF signals on the second antenna 135. The second
ADC 244 may be configured to convert an analog signal
received from the second receiving unit 251 into a digital
signal for processing by the second modem 240. The second
DAC 242 may be configured to convert a digital signal
received from the second modem 240 1nto an analog signal
for transmission by the second transmitting unit 252.

The second power amplifier 254 may be configured to
receive and amplily the analog signal from the second trans-
mitting unit 252. The second bandpass filter 255 may be
configured to recerve and filter the amplified analog signal 1n
the required frequency range for transmission.

The second modem 240 may be capable of processing
signals from various radio access technologies, for example,
but not limited to, WCDMA and/or GSM.

At least one of the one or more temperature sensors 185
may be disposed at a location to sense an operating tempera-
ture of the first power amplifier 204, and at least one of the one
or more temperature sensors 185 may be disposed at a loca-
tion to sense an operating temperature of the second power
amplifier 254.

Each of the first communications unit 120 and the second
communications unit 125 may include band-specific ampli-
fiers (not shown) to provide additional signal amplification.
When band-specific amplifiers are included, the one or more
temperature sensors 185 may be disposed at a location to
sense operating temperatures of the band-specific amplifiers.

In various example embodiments, the wireless communi-
cation device 100 may further include an addressable switch
matrix 270, for example, but not limited to a bridge, con-
trolled by the control unit 110. The addressable switch matrix
270 may be connected to and configured to address the first

ADC 214 and the second ADC 244, the first DAC 212 and the
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6

second DAC 242, and the first modem 210 and the second
modem 240. Each of the components connected to the addres-
sable switch matrix 270 may be addressed and connected via
soltware by the control unit 110.

One of ordinary skill 1in the art will appreciate that other
clements of the wireless communication device 100 may be
connected to and addressed by the addressable switch matrix
270 without departing from the scope of the present inventive
concept.

Referring to FIGS. 1 and 2 A, the addressable switch matrix
270 may be configured by the control unit 110 to connect the
first modem 210 to the first ADC 214 and the first DAC 212,
and to connect the second modem 240 to the second ADC 244
and the second DAC 242. A call recerved on Subl 192 asso-
ciated with the first communications unit 120 will be pro-
cessed by the first modem 210 using the first ADC 214 and the
first DAC 212. Similarly, a call received on Sub2 197 associ-
ated with the second communications unit 125 will be pro-
cessed by the second modem 240 using the second ADC 244
and the second DAC 242.

If a first call in process on the first communications unit 120
experiences a condition causing the wireless communication
device 100 to transmit signals at a high power level, for
example, but not limited to, high signal path loss between the
base station and the wireless communication device 100, the
wireless communication device 100 may transmit at a high
power level. The high power transmission level may result in
an operating temperature rise of the first power amplifier 204
of the first communications unit 120. The rise in operating
temperature of the first power amplifier 204 may be sensed by
the one or more temperature sensors 185 disposed at one or
more locations to detect operating temperature of the first
power amplifier 204, and temperature signals from the one or
more temperature sensors 185 may be provided to the control
unit 110.

The control unit 110 may compare the first power amplifier
204 operating temperature determined from the temperature
signal from the one or more temperature sensors 185 with a
predetermined threshold temperature. The predetermined
threshold temperature may be set to a predefined temperature,
for example, an increase to within about 5° C. of a typical safe
operating temperature of about 65° C. for the first power
amplifier 204.

I1 the control unit 110 determines based on the comparison
that the first power amplifier 204 operating temperature
exceeds the predetermined threshold temperature and an
operating temperature ol the second power amplifier 254
sensed by the one or more temperature sensors 185 1s lower
than the operating temperature of the first power amplifier
204, the control unit 110 may cause the addressable switch
matrix 270 to reconfigure the connections for the first modem
210 and the second modem 240. Accordingly, the first call in
process on the first communications unit 120 may be
switched from the first transceiver chain 2135 1n the first com-
munications unit 120 to the second transceiver chain 243 in
the second communications unit 125.

I1 the control unit 110 determines that the second commu-
nications unit 125 1s conducting a second call in process, the
second call in process on the second communications unit
125 may be switched from the second transceiver chain 2435 1n
the second commumnications unit 123 to the first transceiver
chain 2135 1n the first communications unit 120.

In various embodiments, multiple threshold temperature
values may be set based on, for example, but not limited to, a
safe operating temperature for human safety and/or an oper-
ating temperature that will minimize adverse effects on call
quality/dropped calls. For example, a safe operating tempera-
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ture for human safety may be set for an enclosure temperature
of the wireless communication device 100 within a small
range above human body temperature (37° C.), and/or a safe
operating temperature that will minimize adverse effects on

call quality/dropped calls may be set within a small range of 5

power amplifier temperature above about 65° C. The tem-
perature threshold for the power amplifier may vary depend-
ing on whether the temperature of the primary power ampli-
fier, for example, the first power amplifier 204 or the second
power amplifier 254, or the temperature of a band-specific
amplifier (not shown) 1s being monitored. In other embodi-
ments, other threshold temperature values may be imple-
mented.

When band-specific amplifiers (not shown) are included 1n
a transceiver chain, for example the first transceiver chain 215
and/or the second transceiver chain 245, the control unit 110
may compare operating temperatures of one or more of the
band-specific amplifiers to one or more predetermined
threshold temperatures 1n addition to or alternative to the
comparison of power amplifier temperature to make a recon-
figuration determination.

FI1G. 2B 1s a block diagram illustrating the first communi-
cations unit 120 and the second communications unit 1235 1n
a switched mode for a DSDA wireless communication device
(e.g.,1001n FIG. 1) according to various embodiments of the
disclosure. Referring to FIGS. 1, 2A, and 2B, the control unit
110 may cause the addressable switch matrix 270 to discon-
nect the first modem 210 of the first communications unit 120
from the first ADC 214 and the first DAC 212 and connect the
first modem 210 of the first communications unit 120 with the
second ADC 244 and the second DAC 242 of the second
communications unit 125 and continue with the call on Sub1l
192 using the second transceiver chain 245, including the
second power amplifier 254, of the second communications
unit 125 connected to the first modem 210 of the first com-
munications unit 120. By continuing the call using the second
transceiver chain 245 of the second communications unit 125
that 1s operating at a lower temperature, call quality may be
improved and/or the call may be prevented from being
dropped.

The control unit 110 may also cause the addressable switch
matrix 270 to disconnect the second modem 240 of the second
communications unit 125 from the second ADC 244 and the
second DAC 242 and connect the second modem 240 of the
second communications umt 125 with the first ADC 214 and
the first DAC 212 of the first transceiver chain 215 of the first
communications unit 120. Since prior to reconfiguration the
second power amplifier 234 of the second transcerver chain
245 was operating at a lower temperature than the first power
amplifier 204 of the first transcerver chain 215, either the
second commumnications unit 125 may not have had a second
call in process or a second call 1n process on the second
communications unit 125 may not have required a transmis-
sion power level as high as the first call 1n process on the first
communications unit 120. After reconfiguration a second call
in process on the second communications unit 1235 switched
to the first communications unit 120 may maintain acceptable
call quality and the first power amplifier 204 of the first
transcerver chain 215 of the first communications unit 120
may be afforded the opportunity to cool down.

In various example embodiments, the wireless communi-
cation device 100 may include a switch unit 370 (which 1n
some embodiments may correspond to the addressable switch
matrix 270). FIG. 3 1s a block diagram illustrating the first
communications unit 120, the second communications unit
125, and the switch unit 370 for a DSDA wireless communi-
cation device (e.g., 100 mn FIG. 1) according to various
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embodiments of the disclosure. Referring to FIGS. 1 and 3,
switch unit 370 may be controlled by the control unit 110 to
provide electrical connections between various elements of
the wireless communication device 100. The first ADC 214
and the second ADC 244, the first DAC 212 and the second
DAC 242, and the first modem 210 and the second modem
240 may be connected to the switch unit 370. One of ordinary
skill 1n the art will appreciate that other elements of the
wireless communication device 100 may be connected to the
switch unit 370 without departing from the scope of the
present inventive concept.

In a first position, the switch unit 370 may connect the first
modem 210 to the first ADC 214 and the first DAC 212 1n the
first transceiver chain 215, and connect the second modem
240 to the second ADC 244 and the second DAC 242 1n the
second transceiver chain 245. It a first call in process on the
first communications unit 120 experiences a condition caus-
ing the wireless communication device 100 to transmit sig-
nals at a high power level, for example, but not limited to, high
signal path loss between the base station and the wireless
communication device 100, the wireless communication
device 100 may transmit at a high power level.

The high power transmission level may result 1n an oper-
ating temperature rise at the first power amplifier 204 of the
first communications unmt 120. The rise 1n operating tempera-
ture at the first power amplifier 204 may be sensed by the one
or more temperature sensors 1835 disposed at one or more
locations to detect operating temperature of the first power
amplifier 204 and a temperature signal from the one or more
temperature sensors 185 may be provided to the control unit
110.

The control unit 110 may compare the first power amplifier
204 operating temperature determined from the temperature
signal from the one or more temperature sensors 185 with a
predetermined threshold temperature. The predetermined
threshold temperature may be set to a predefined temperature,
for example, an increase to within about 5° C. of a typical safe
operating temperature of about 65° C. for the first power
amplifier 204.

I1 the control unit 110 determines based on the comparison
that the first power amplifier 204 operating temperature
exceeds the predetermined threshold temperature and an
operating temperature of the second power amplifier 254
sensed by the one or more temperature sensors 185 does not
exceed the predetermined threshold temperature, the control
unit 110 may cause the switch unit 370 to switch from the first
position to a second position.

In the second position, the switch unit 370 may connect the
first modem 210 to the second ADC 244 and the second DAC
242 1n the second transceiver chain 245, and connect the
second modem 240 to the first ADC 214 and the first DAC 212
in the first transcerver chain 2135. The first call 1n process on
Subl 192 may be continued using the second transceiver
chain 245, including the second power amplifier 254, of the
second communications unit 125 connected to the first
modem 210 of the first communications unit 120. By con-
tinuing the call using the second transcerver chain 245 of the
second communications unit 125 that 1s operating at a lower
temperature, call quality may be improved and/or the call
may be prevented from being dropped.

The control unit 110 may also cause the switch unit 370 to
connect the second modem 240 of the second communica-
tions unit 123 with the first ADC 214 and the first DAC 212 of
the first transceiver chain 215 of the first communications unit
120. Since prior to reconfiguration the second power ampli-
fier 254 of the second transceiver chain 243 was operating at
a lower temperature than the first power amplifier 204 of the
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first transceiver chain 215, either the second communications
unit 125 may not have had a second call in process or a second
call 1n process on the second communications unit 125 may
not have required a transmission power level as high as the
first call 1n process on the first communications umt 120.
After reconfiguration a second call 1n process on the second
communications unit 125 switched to the first communica-
tions umt 120 may maintain acceptable call quality and the
first power amplifier 204 of the first transcerver chain 215 of
the first communications unit 120 may be cool down.

In addition to high signal path loss between the base station
and the wireless communication device 100, other conditions
known to those skilled in the art may cause the wireless
communication device 100 to transmit at a high power level.
One of ordinary skill in the art will appreciate that any con-
dition causing the wireless communication device 100 to
transmit at a high power level may result in the transceiver
chain switching of the various example embodiments of the
disclosure.

FI1G. 4 1s amethod of controlling power amplifier operating
temperature by switching transceiver chains in a DSDA wire-
less communication device (e.g., 100 1n FIG. 1) according to
various embodiments. Referring to FIGS. 1-4, when a call 1s
active (in process) on Subl 192 associated with a first com-
munications unit 120 (410), the operating temperature of the
first power amplifier 204 1n the first transceiver chain 215 may
be sensed by the one or more temperature sensors 185 dis-
posed at a location to detect an operating temperature of the
first power amplifier 204, and temperature signals from the
one or more temperature sensors 185 may be provided to the
control unit 110 (415).

The control unit 110 may compare the first power amplifier
204 operating temperature to a predetermined threshold tem-
perature (420). I the control unit 110 determines based on the
comparison that the first power amplifier 204 operating tem-
perature does not exceed the predetermined threshold tem-
perature (425-N) the control unit 110 may continue to moni-
tor the operating temperature of the first power amplifier 204
(415). If the control unit 110 determines based on the com-
parison that the first power amplifier 204 operating tempera-
ture exceeds the predetermined threshold temperature (425-
Y ), the control unit 110 may detect the operating temperature
ol the second power amplifier 254 of the second transcerver
chain 245 of the second communications unit 125 (430).

In some situations, when a call 1s 1n process on Sub2 197 on
the second commumnications unit 125, the second power
amplifier 254 may amplily signals for transmission and there-
fore may experience an operating temperature increase such
that the operating temperature of the second power amplifier
254 exceeds the predetermined threshold temperature. In
other situations, even when a call 1s 1n process on Sub2 197 on
the second communications unit 125, the operating tempera-
ture of the second power amplifier 254 may not exceed the
predetermined threshold temperature. Also, when a call 1s not
in process on Sub2 197 on the second communications unit
125, the operating temperature of the second power amplifier
254 may not exceed the predetermined threshold tempera-
ture.

The control umit 110 may compare the operating tempera-
ture of the second power amplifier 254 of the second trans-
ceiver chain 2435 to the predetermined threshold temperature
(435). If the control unit 110 determines that the operating
temperature of the second power amplifier 254 of the second
transceiver chain 243 does not exceed the predetermined
threshold temperature (440-N), the first transceiver chain 215
and the second transceiver chain 245 may be switched by
connecting the first modem 210 of the first communications
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unit 120 with the second ADC 244 and the second DAC 242
of the second transceiver chain 245 of the second communi-
cations umt 125 (460). Accordingly, the call on Sub1 192 may
be continued using the second transceiver chain 245 con-
nected to the first modem 210. In addition, the second modem

240 of the second communications unit 125 may be con-
nected with the first ADC 214 and the first DAC 212 of the

first transceiver chain 215 of the first communications unit
120, thereby switching the first transcerver chain 213 and the
second transceiver chain 245 (460).

If the control unit 110 determines that the operating tem-
perature of the second power amplifier 254 of the second
transcerver chain 245 exceeds the predetermined threshold
temperature (440-Y), the control unit 110 may compare the
operating temperature of the second power amplifier 254 of
the second transceiver chain 245 to the operating temperature
of the first power amplifier 204 of the first transceiver chain
215 (445). I the operating temperature of the second power
amplifier 254 of the second transceiver chain 245 1s lower
than the operating temperature of the first power amplifier
204 of the first transceiver chain 215 (450-Y), the first trans-
ceiver chain 215 and the second transcerver chain 243 may be
switched (460).

I1 the operating temperature of the second power amplifier
2354 of the second transceiver chain 243 is not lower (1.e., 1s
equal to or greater than) than the operating temperature of the
first power amplifier 204 of the first transceiver chain 2135
(450-N), the maximum transmit power limit (MTPL) of the
first transcerver chain 215 of the first communications unit
120 and/or the second transcerver chain 245 of the second
communications unit 125 may be reduced (465).

Various embodiments relate to DSDA devices. It should be
noted that the systems and methods described herein may be
implemented 1n multi-SIM multi-active device.

In various example embodiments, method of controlling
power amplifier operating temperature by switching trans-
ceiver chains in a DSDA wireless communication device may
be embodied as non-transitory computer readable medium
having stored therein a program containing instructions for
making a processor execute the method.

The accompanying claims and theirr equivalents are
intended to cover such forms or modifications as would {fall
within the scope and spirit of the protection. For example, the
example apparatuses, methods, and systems disclosed herein
can be applied to mult1i-SIM wireless devices subscribing to
multiple communication networks and/or commumnication
technologies and having multiple communications units. The
various components illustrated 1n the figures may be 1mple-
mented as, for example, but not limited to, software and/or
firmware on a processor, ASIC/FPGA/DSP, or dedicated
hardware. Also, the features and attributes of the specific
example embodiments disclosed above may be combined 1n
different ways to form additional embodiments, all of which
tall within the scope of the present disclosure.

The foregoing method descriptions and the process tlow
diagrams are provided merely as 1llustrative examples and are
not intended to require or imply that the steps of the various
embodiments must be performed 1n the order presented. As
will be appreciated by one of skill 1n the art the order of steps
in the foregoing embodiments may be performed 1n any order.
Words such as “thereafter,” “then,” “next,” etc. are not
intended to limait the order of the steps; these words are simply
used to guide the reader through the description of the meth-
ods. Further, any reference to claim elements in the singular,
for example, using the articles “a,” “an,” or “the” 1s not to be
construed as limiting the element to the singular.
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The various 1llustrative logical blocks, modules, circuits,
and algorithm steps described 1n connection with the embodi-
ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To
clearly illustrate this interchangeability of hardware and soft-
ware, various illustrative components, blocks, modules, cir-
cuits, and steps have been described above generally 1n terms
of their functionality. Whether such functionality 1s imple-
mented as hardware or software depends upon the particular
application and design constraints imposed on the overall
system. Skilled artisans may implement the described func-
tionality in varying ways for each particular application, but
such implementation decisions should not be interpreted as
causing a departure from the scope of the present invention.

The hardware used to implement the various 1illustrative
logics, logical blocks, modules, and circuits described 1n
connection with the aspects disclosed herein may be imple-
mented or performed with a general purpose processor, a
digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a miCroproces-
sor, but, in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combi-
nation of receiver devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other
such configuration. Alternatively, some steps or methods may
be performed by circuitry that 1s specific to a given function.

In one or more exemplary aspects, the functions described

may be implemented in hardware, software, firmware, or any
combination thereof. If implemented 1n software, the func-
tions may be stored as one or more structions or code on a
non-transitory computer-readable storage medium or non-
transitory processor-readable storage medium. The steps of a
method or algorithm disclosed herein may be embodied in
processor-executable instructions that may reside on a non-
transitory computer-readable or processor-readable storage
medium. Non-transitory computer-readable or processor-
readable storage media may be any storage media that may be
accessed by acomputer or a processor. By way of example but
not limitation, such non-transitory computer-readable or pro-
cessor-readable storage media may include RAM, ROM,
EEPROM, FLASH memory, CD-ROM or other optical disk
storage, magnetic disk storage or other magnetic storage
devices, or any other medium that may be used to store
desired program code in the form of instructions or data
structures and that may be accessed by a computer. Disk and
disc, as used herein, includes compact disc (CD), laser disc,
optical disc, digital versatile disc (DVD), floppy disk, and
Blu-ray disc where disks usually reproduce data magneti-
cally, while discs reproduce data optically with lasers. Com-
binations of the above are also included within the scope of
non-transitory computer-readable and processor-readable
media. Additionally, the operations of a method or algorithm
may reside as one or any combination or set of codes and/or
instructions on a non-transitory processor-readable storage
medium and/or computer-readable storage medium, which
may be icorporated into a computer program product.
Although the present disclosure provides certain example
embodiments and applications, other embodiments that are
apparent to those of ordinary skill in the art, including
embodiments which do not provide all of the features and
advantages set forth herein, are also within the scope of this
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disclosure. Accordingly, the scope of the present disclosure 1s
intended to be defined only by reference to the appended
claims.

What 1s claimed 1s:
1. A wireless communication device, comprising:
a first communications unit configured to communicate
with a first communication network;
a second communications unit configured to communicate
with a second communication network;
a control unit configured to control operation of the wire-
less communication device; and
one or more temperature sensors configured to sense an
operating temperature of the first communications unit
and an operating temperature of the second communi-
cations unit and provide temperature signals to the con-
trol unit,
wherein in response to a determination that the operating
temperature of the first communications unit conducting
a first call 1n process exceeds a predetermined tempera-
ture threshold and the operating temperature of the sec-
ond communications unit does not exceed the predeter-
mined temperature threshold, the control unit 1s
configured to cause the first call 1n process on the first
communications unit to be switched from a first trans-
ceiver chain 1n the first communications unit to a second
transcerver chain 1n the second communications unit.
2. The wireless communication device according to claim
1, wherein 1n response to a determination by the control unit
that the second communications unit 1s conducting a second
call 1n process, the control unit 1s configured to cause the
second call 1n process on the second communications unit to
be switched from the second transceiver chain in the second
communications unit to the first transcerver chain 1n the first
communications unit.
3. The wireless communication device according to claim
1, wherein in response to a determination that the operating
temperature of the first communications umt conducting the
first call 1n process on the first communications unit exceeds
the predetermined temperature threshold, the operating tem-
perature of the second communications unit exceeds the pre-
determined temperature threshold, and the operating tem-
perature of the second communications unit 1s less than the
operating temperature of the first communications unit, the
control unit 1s configured to cause the first call 1n process on
the first communications unit to be switched from the first
transcerver chain in the first communications unit to the sec-
ond transceiver chain in the second communications unit.
4. The wireless communication device according to claim
3, wherein 1n response to a determination by the control unit
that the second communications unit 1s conducting a second
call 1n process, the control unit 1s configured to cause the
second call 1 process on the second communications unit to
be switched from the second transcerver chain in the second
communications unit to the first transceiver chain in the first
communications unit.
5. The wireless communication device according to claim
1,
wherein the first communications unit comprises a first
modem and the first transcetver chain comprises a first
power amplifier, a first analog-to-digital converter
(ADC), and a first digital-to-analog converter (DAC);
and
wherein the second communications unit further com-
prises a second modem and the second transcerver chain
comprises a second power amplifier, a second ADC, and

a second DAC.
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6. The wireless communication device according to claim
5, wherein the one or more temperature sensors configured to
sense the operating temperature of the first communications
unit and the operating temperature of the second communi-
cations unit are configured to sense an operating temperature
of the first power amplifier and an operating temperature of
the second power amplifier.

7. The wireless communication device according to claim
5, further comprising an addressable switch matrix config-
ured to address one or more of the first modem, the second
modem, the first transceiver chain, and the second transceiver
chain.

8. The wireless communication device according to claim
7, wherein the addressable switch matrix, in response to
instructions from the control unit, 1s configured to cause the
first modem conducting the first call in process on the first
communications unit to disconnect from the first transcerver
chain and connect to the second transceiver chain to continue
the first call 1n process.

9. The wireless communication device according to claim
8, wherein the addressable switch matrix, in response to
instructions from the control unit, 1s configured to cause the
second modem to disconnect from the second transceiver
chain and connect to the first transceiver chain.

10. The wireless communication device according to claim
7, wherein the addressable switch matrix, in response to
instructions from the control unit, 1s configured to cause the
first modem to disconnect from the first ADC and the first
DAC and connect to the second ADC and the second DAC,
and 1s configured to cause the second modem to disconnect

from the second ADC and the second DAC and connect to the
first ADC and the first DAC.

11. The wireless communication device according to claim
5, further comprising a switch umit configured to, 1n response
to instructions from the control unit,

disconnect the first modem from the first ADC and the first

DAC, and connect the first modem to the second ADC
and the second DAC.

12. The wireless communication device according to claim
11, wherein the switch unit 1s configured to, 1n response to
instructions from the control unit, disconnect the second
modem from the second ADC and the second DAC, and
connect the second modem to the first ADC and the first DAC.

13. A method for mitigating temperature rise 1n a wireless
communication device, the method comprising;:

detecting an operating temperature of a first communica-

tions unit conducting a first call in process;
comparing the operating temperature of the first commu-
nications unit to a predetermined threshold temperature;

determining whether the operating temperature of the first
communications unit exceeds the predetermined thresh-
old temperature;
in response to a determination that the operating tempera-
ture of the first communications unit exceeds the prede-
termined threshold temperature, detecting an operating
temperature of a second communications unit;

comparing the operating temperature of the second com-
munications unit to the predetermined threshold tem-
perature; and

in response to a determination that the operating tempera-

ture of the second communications unit does not exceed
the predetermined threshold temperature, switching the
first call 1n process on the first communications unit
from a first transcerver chain in the first communications
unit to a second transceiver chain in the second commu-
nications unit.
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14. The method according to claim 13, further comprising;:

determining whether the second communications unit 1s

conducting a second call in process; and

in response to a determination that the second communi-

cations unit 1s conducting a second call in process,
switching the second call 1n process on the second com-
munications unit from the second transceiver chain in
the second communications unit to the first transceiver
chain in the first communications unit.

15. The method according to claim 13, further comprising;:

comparing the operating temperature of the second com-

munications unit to the operating temperature of the first
communications unit; and

in response to a determination that the operating tempera-

ture of the first communications unit exceeds the prede-
termined temperature threshold and the operating tem-
perature of the second communications unit 1s less than
the operating temperature of the first communications
unit, switching the first call in process on the first com-
munications unit from the first transceiver chain in the
first communications unit to the second transceiver
chain 1n the second communications unit.

16. The method according to claim 15, further comprising;:

in response to a determination that the second communi-

cations unit 1s conducting a second call 1n process,
switching the second call 1n process on the second com-
munications unit from the second transceiver chain in
the second communications unit to the first transceiver
chain 1n the first communications unit.

17. The method according to claim 13, wherein detecting
the operating temperature of the first communications unit
comprises detecting an operating temperature of a {irst power
amplifier, and detecting the operating temperature of the sec-
ond communications unit comprises detecting an operating
temperature of a second power amplifier.

18. The method according to claim 13, wherein switching
the first call 1n process from the first transcerver chain 1n the
first communications unit to the second transceiver chain 1n
the second communications unit comprises:

disconnecting a first modem of the first communications

unit from a first analog-to-digital converter (ADC) and a

first digital-to-analog converter (DAC) of the first com-
munications unit; and

connecting the first modem of the first communications

unit to the second ADC and the second DAC of the
second communications unit.

19. The method according to claim 18, wherein switching
the first call 1n process from the first transcetver chain 1n the
first communications unit to the second transceiver chain 1n
the second communications unit comprises:

disconnecting a second modem of the second communica-

tions unit from a second ADC and a second DAC of the
second communications unit; and

connecting the second modem of the second communica-

tions unit to the first ADC and the first DAC of the first
communications unit.

20. A non-transitory computer readable medium having
stored therein a program for making a processor execute a
method for mitigating temperature rise 1n a wireless commu-
nication device, the program including processor executable
instructions for performing steps comprising;:

detecting an operating temperature of a first communica-

tions unit conducting a first call in process;

comparing the operating temperature of the first commu-

nications unit to a predetermined threshold temperature;
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determining whether the operating temperature of the first
communications unit exceeds the predetermined thresh-
old temperature;
in response to a determination that the operating tempera-
ture of the first communications unit exceeds the prede-
termined threshold temperature, detecting an operating
temperature of a second communications unit;

comparing the operating temperature of the second com-
munications unit to the predetermined threshold tem-
perature; and

in response to a determination that the operating tempera-

ture of the second communications unit does not exceed
the predetermined threshold temperature, switching the
first call 1 process on the first communications unit
from a first transceiver chain 1n the first communications
unit to a second transceiver chain in the second commu-
nications unit.

21. The non-transitory computer readable medium having
stored therein a program as defined in claim 20, the program
turther comprising processor executable mstructions for:

determining whether the second communications unit 1s

conducting a second call in process; and

in response to a determination that the second communi-

cations unit 1s conducting a second call 1n process,
switching the second call 1n process on the second com-
munications unit from the second transceiver chain in
the second commumnications unit to the first transceiver
chain in the first communications unit.

22. The non-transitory computer readable medium having,
stored therein a program as defined in claim 20, the program
turther comprising processor executable mstructions for:

comparing the operating temperature of the second com-

munications unit to the operating temperature of the first
communications unit; and

in response to a determination that the operating tempera-

ture of the first communications unit exceeds the prede-
termined threshold temperature and the operating tem-
perature of the second communications unit 1s less than
the operating temperature of the first communications
umt, switching the first call in process on the first com-
munications unit from the first transceiver chain in the
first communications unit to the second transceiver
chain in the second communications unit.

23. The non-transitory computer readable medium having,
stored therein a program as defined in claim 22, the program
turther comprising processor executable mstructions for:

in response to a determination that the second communi-

cations unit 1s conducting a second call 1n process,
switching the second call 1n process on the second com-
munications unit from the second transceiver chain 1n
the second communications unit to the first transcerver
chain in the first communications unit.

24. The non-transitory computer readable medium having
stored therein a program as defined in claim 20, wherein
detecting the operating temperature of the first communica-
tions unit comprises processor executable instructions for
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detecting an operating temperature of a first power amplifier,
and detecting the operating temperature of the second com-
munications unit comprises detecting an operating tempera-
ture of a second power amplifier.

25. The non-transitory computer readable medium having,
stored therein a program as defined 1n claim 20, wherein
switching the first call 1n process on the first communications
unit from the first transceiver chain in the first communica-
tions unit to the second transceiver chain 1n the second com-

munications unit comprises processor executable mstructions
for:

disconnecting a first modem of the first communications

unit from a first analog-to-digital converter (ADC) and a
first digital-to-analog converter (DAC) of the first com-
munications unit; and

connecting the first modem of the first communications

unit to the second ADC and the second DAC of the
second communications unit.

26. The non-transitory computer readable medium having
stored therein a program as defined 1n claim 25, wherein
switching the first call in process on the first communications
unit from the first transceiver chain 1n the first communica-
tions unit to the second transceiver chain in the second com-
munications unit comprises processor executable mnstructions
for:

disconnecting a second modem of the second communica-

tions unit from a second ADC and a second DAC of the
second communications unit; and

connecting the second modem of the second communica-

tions unit to the first ADC and the first DAC of the first
communications unit.
27. A wireless communication device, comprising;:
means for detecting an operating temperature of a first
communications unit conducting a first call in process;

means for comparing the operating temperature of the first
communications unit to a predetermined threshold tem-
perature;

means for determining whether the operating temperature

of the first communications unit exceeds the predeter-
mined threshold temperature;
means for detecting an operating temperature of a second
communications unit in response to a determination that
the operating temperature of the first communications
unit exceeds the predetermined threshold temperature;

means for comparing the operating temperature of the sec-
ond communications unit to the predetermined thresh-
old temperature; and

means for switching the first call in process on the first

communications unit from a first transceiver chain in the
first communications unit to a second transcerver chain
in the second communications unit in response to a
determination that the operating temperature of the sec-
ond communications unit does not exceed the predeter-
mined threshold temperature.
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